Shoots of germinating rice (Oryza sativa L.) seedlings are able to grow under anoxia and to withstand long periods of anoxic treatment. Mitochondria were purified from aerobically germinated and anaerobically treated rice shoots by differential and isopycnic centrifugation and were found to consist of two subpopulations. The mitochondrial subpopulation of higher density was used for further characterization. Ultrastructural studies showed anaerobic mitochondria to be significantly different from aerobic mitochondria, with a matrix of lower density and more developed cristae. Aerobic and anaerobic mitochondria also differed in their specific activities for fumarase and succinate dehydrogenase, which were significantly lower after the anoxic treatment. In vivo labeling of seedlings with L-[35S]methionine and subsequent isolation of the mitochondria indicated that anoxia induced a drastic decrease, but not a total inactivation, of the synthesis of mitochondrial proteins. In organello protein synthesis showed that anaerobic mitochondria were able to synthesize most of the polypeptides synthesized by aerobic mitochondria, although only in the presence of exogenous ATP, as would occur under anoxia. Anaerobic mitochondria, but not aerobic mitochondria, could carry out protein synthesis without a functional respiratory chain. Thus, mitochondrial protein synthesis was found to be potentially functional in the rice shoot under anoxia.
Plant seed germination involves a rapid acceleration of respiratory activity, and thus, all cultivated seeds examined so far have been found to be unable to germinate in the absence of oxygen (5) . However, during seedling growth, the developing embryos of different plant species show a number of responses to low partial pressure of oxygen. Thus, the developing embryo of rice (Oryza sativa L.) seeds can withstand several days of secondary anoxia, which is applied to aerobically germinated embryos, and shows a significant elongation of the coleoptile under these conditions, whereas the development of the root is stopped (29) . Elongation of the coleoptile can even take place under primary anoxia, when the imbibition is carried out under anoxia, thus resulting in anomalous germination because the embryonic root does not grow (29) . In contrast, maize root tips are unable to survive for more than 8 to 9 h under anoxia unless they are acclimatized by hypoxic treatment, in which case their survival under anoxia is maintained for at least 22 h (25) . Excised pea roots are also unable to survive long periods of anoxia (3) .
The ability to sustain active energy metabolism appears to be a major factor of resistance to hypoxia and anoxia. Germinating seeds that can develop a high energy charge under anoxia are less sensitive to the inhibition of germination by hypoxia (2) . The high adenylate energy charge obtained in the rice shoot under anoxia is sufficient to allow neosynthesis of proteins and nucleic acids (20, 21, 24) . This high adenylate energy charge under anoxia may also contribute to the regulation of cytosolic pH, thus preventing cell death by acidosis (26) . However, mere survival after anoxia as determined by the ability to grow after reexposure to air may result from other mechanisms. Thus, the root of 3-d-old rice seedlings can survive long periods of anoxia because it is able to resume growth when the anaerobic treatment is ended (4) . Nevertheless, its adenylate energy charge decreases to <0.5 within 1 h of anaerobic treatment and remains at this level for at least 48 h (24) .
The ability to retrieve all cellular functions after the anaerobic stress has ended must involve the conservation of at least some DNA-containing organelles in either active or quiescent configuration to allow a rapid return to activity or the biogenesis of new organelles. In growing cultures of facultatively anaerobic yeasts, anoxia appears to impede mitochondrial biogenesis, thus resulting in the dilution of these organelles in the cell population, and induces a massive reorganization of mitochondrial structures resulting in promitochondria (17) . These promitochondria seem to be the precursors of functional mitochondria when anaerobically grown yeasts are returned to aerobic conditions (17) . In contrast, the measurement of respiration in anaerobic tissues, in situ ultrastructural studies, and the isolation ofmitochondria from anoxia-treated tissues have shown that mitochondria are conserved in a potentially active configuration in the coleoptile of rice seedlings under anoxia (27, 29, 30) .
However, the detection of mitochondrial structures and activities in an anaerobic tissue could be due to either the remaining organelles of a mitochondrial population undergoing continuous degradation or a biogenetically active population of mitochondria. Because the response ofthe rice shoot to anoxia allows the continuation of protein and nucleic acid biosynthesis, the hypothesis of mitochondrial biogenesis under anoxia could not be dismissed. In both hypotheses, the mechanisms involved may be specific to a particular set of proteins or genes, thus resulting in anoxia-modified mitochondria showing an array of proteins and, therefore, a range of potential functions different from those of aerobic mitochondria.
MATERIALS AND METHODS

Plant Material and Anaerobic Treatment
Inbred rice (Oryza sativa L., var Cigalon) was decontaminated with commercial hypochlorite and rinsed with sterile 0.01 N HCI and sterile water. This procedure did not affect germination but ensured axenic conditions as determined by bacteriological controls. Contaminated batches were discarded. Germination was carried out at 25°C in the dark under axenic conditions in sterile water with vigorous agitation to ensure aerobic conditions. Anaerobiosis was obtained by flushing sterilized and humidified oxygen-free (<20 gL.
L-') nitrogen at a flow rate of 100 to 200 mL-min-' through an air-tight system connecting the flasks and vials to the nitrogen source. The anaerobic treatment was also performed in the dark. Other details ofgermination and anoxic treatment were as described previously (20, 21) . Rice seedlings aerobically germinated for 48 h were subsequently subjected to anaerobic treatment, which could be therefore described as secondary anoxia as defined by Vartapetian et al. (29) . Anoxia-treated seedlings were compared with seedlings aerobically germinated for 48 h, because both materials consisted of the same tissues. The comparison of anoxia-treated seedlings with seedlings aerobically grown for the same period would be hampered by the development of primary leaves and secondary roots in the aerobic material.
Preparation of Crude Extracts from Rice Shoots
Shoots were dissected on liquid nitrogen-cooled ice from germinating seedlings that had been subjected to anaerobic treatment and frozen in liquid nitrogen at the end of the anaerobic treatment. These shoots were homogenized at 0 to 4°C in 70 ,L per shoot ofa medium containing 20 mM Hepes-KOH, 50 mm Mops-KOH (pH 7.8), 20 mm sodium EDTA, 10 mm 2-mercaptoethanol, 100 uM leupeptin, 10% (w/v) glycerol, 0.1% (w/v) fatty acid-free BSA, 0.5% (w/v) PVP, and 0.025% (v/v) Triton X-100. This crude extract was centrifuged at 1700g for 5 min. The resulting pellet was reextracted with the above medium. This extraction from the pellet was repeated three times, and the resulting supernatants were pooled with the initial supematant. Because it interfered with the enzyme assay, 2-mercaptoethanol was omitted from the extraction medium for the measurement ofSDH' activity. ' Abbreviations: SDH, succinate dehydrogenase; AAT, aspartate amino transferase; G6PDH, glucose-6-phosphate dehydrogenase; GDH, glutamate dehydrogenase; IDH, isocitrate dehydrogenase; 6PGDH, 6-phosphogluconate dehydrogenase.
Purification of Mitochondria
Mitochondria were prepared by a modification of the procedure described by Douce et 
EM
The mitochondria were incubated for 2 h at 4°C in BSAfree washing buffer containing 2.5% glutaraldehyde (agar aids). After centrifugation at 10,000g for 10 min, the mitochondrial pellets were postfixed with 1% osmium tetroxide in 100 mm phosphate buffer, pH 7.2, containing 0.3 M mannitol for 4 h at 4°C, and then rinsed with the same buffer without mannitol. The mitochondria were then treated with 1% tannic acid (Mallinckrodt) (7) for 30 min at 20°C, rinsed with distilled water, covered with 3% agar, and dehydrated with ethanol and propylene oxide. After the mitochondria were embedded in Epon, the ultrathin sections were collected on plain 600-mesh copper grids, successively contrasted with ethanolic uranyl acetate and aqueous lead citrate, and then observed with a Philips CM10 electron microscope.
Enzyme Activities
All enzyme activities were assayed spectrophotometrically at 30°C according to previously published methods. All assays were first performed on blanks. Activities were linear with respect to time for at least 1 min and were proportional to the amounts of sample protein added to the assay. The activities of NAD-dependent GDH (EC 1.4.1.2.), NAD-dependent IDH (EC 1.1.1.41), and G6PDH-6PGDH (EC 1.1.1.49 and EC 1.1.1.44, respectively) were assayed by following the reduction or the oxidation of the cosubstrate as described by McCarthy et al. (19) , Cox and Davies (10) , and Douce et al. (12) , respectively. The assay of G6PDH-6PGDH activity in the absence or in the presence of Triton X-100 allowed the determination of the immediate activity and of the latent, membrane-enclosed activity as described by Douce et al. (12) . Fumarase (EC 4.2.1.2), SDH (EC 1.3.5.1), and AAT (EC 2.6.1.1.) activities were assayed as described by Hill and Bradshaw (14) , Maeshima et al. (18) , and Rej and Horder (23) , respectively.
RESULTS
Effects of Anoxia on the Development of Rice Seedlings
Rice seedlings that had been germinating for 48 h under aerobic conditions were transferred to anaerobic conditions. The growth of the primary root was stopped, whereas the shoot was found to continue to grow, as shown in Table I . The survival of the seedlings under anoxia was examined by transferring the anoxia-treated seedlings back to aerobic conditions. As shown in Table I , the return to air resulted in root and shoot growth with the emergence of secondary roots and primary leaves after an anaerobic treatment of up to 19 d. Furthermore, the anaerobic elongation of the shoot occurred in parallel with the increase of protein in this organ (Fig. 1) , as determined by the measurement ofprotein in crude extracts from anoxia-treated shoots. 
Detection of Mitochondrial Enzyme Activities
To determine the presence of enzyme activities in anoxiatreated rice shoots, the vials containing the rice seedlings were frozen in liquid nitrogen immediately after elimination of the germination water and were kept frozen for 1 to 5 d at -40°C. The enzyme activities were measured with total extracts from shoots that had been excised on liquid nitrogen-cooled ice. In Figure 2 is shown the time course of the effects of anoxia on the specific activities of NAD-dependent GDH, NAD-dependent IDH, SDH, and fumarase which are associated with the mitochondrial compartment and ofaspartate aminotransferase which is present in both the cytosol and the mitochondrial matrix (1 1).
The four mitochondria-specific activities under study could be detected throughout the 15 d of anaerobic treatment. However, anoxia did not have the same effects on these activities. The specific activities of the NAD-dependent dehydrogenases decreased sharply during the first 5 h of the anaerobic treatment and then leveled off at about 15% of the initial activity. In contrast, the specific activities of fumarase and SDH showed a smaller decrease and leveled off at about 50% of the initial activities. These changes in mitochondrial enzyme activities contrasted with the stability of the cytosolic and mitochondrial AAT specific activity throughout the anaerobic treatment.
Because the effects of anoxia on mitochondrial enzyme activities appeared to have leveled off after 24 h of treatment, it was expected that anoxia-modified mitochondria could be obtained from rice seedlings that had been subjected to 48 h of anaerobic treatment.
Characterization of Anoxia-Modified Mitochondria
Mitochondria were purified from rice shoots by differential and isopycnic centrifugation. The excision of anoxia-treated shoots was carried out under atmospheric air. However, during the excision, anoxia-treated seedlings and excised shoots were kept under conditions of low oxygen pressure to minimize the effects of the return to air until the tissue was disrupted and diluted in a large volume of extraction buffer. Subsequent steps were carried out under atmospheric air. The purification was followed by measuring fumarase activity as a marker of the mitochondrial matrix, SDH activity as a marker of the mitochondrial inner membrane, immediate G6PDH-6PGDH activity as a marker of the cytosol and broken plastids, and latent G6PDH-6PGDH activity as a marker of the plastidial matrix (12) .
Percoll gradient isopycnic centrifugation showed that mitochondria from rice shoots were heterogeneous. Both II. Fraction F2 was less contaminated by cytosolic and plastidial activities than fraction Fl and had the higher specific activities for the mitochondrial enzyme markers. Electron micrographs of aerobic and anaerobic fraction F2 preparations are shown in Figure 3 . A large majority of organelles were recognized as mitochondria. Intact etioplasts were detected in both aerobic and anaerobic preparations but represented <1% of the total organelles in the aerobic preparation and approximately 5% in the anaerobic preparation. Intact bacteria were not detected. Aggregated material with no organellar structure could be detected in both preparations. A number of ultrastructural differences were observed between aerobic and anaerobic mitochondria. The matrix of anaerobic mitochondria showed a lower density than that of aerobic mitochondria. In contrast, the inner membrane of anaerobic mitochondria had more cristae and complex invaginations than that of aerobic mitochondria.
In addition to these ultrastructural differences, these aerobic and anaerobic mitochondria of higher density also differed in their specific activities for fumarase and SDH (Table II) . Thus, the specific activity of SDH was decreased fourfold under the effects of anoxia.
The mitochondrial protein content per shoot was estimated from the total activities of fumarase and SDH in the total extract and the specific activities of these two enzymes in the purified mitochondria obtained in fraction F2. As shown in Table III The labeled shoots were excised and disrupted in a homogenization buffer after rinsing the seedlings with 100 mm nonradioactive methionine. These steps were carried out in a glovebox under a flow of nitrogen. Similar results were obtained when the radioactive labeling was terminated by adding deaerated nonradioactive methionine directly in the N2-flushed vial. The small-scale method described in "Materials and Methods" was used to isolate the Fl and F2 fractions.
The effects of anoxia on the total radioactivity and the incorporation of the radiolabeled amino acid in the Fl and F2 fractions are shown in Figure 4 . The values of total radioactivity and incorporation can be compared with the values reported by Ricard and Pradet (24) (Table II) . Furthermore, EM of aerobic F2 fractions showed the absence ofbacterial contamination. The observed incorporation could, therefore, be ascribed, at least partially, to mitochondrial proteins.
The anoxic treatment was found to induce a rapid and drastic decrease of incorporation, after which the incorporation remained constant at a level fivefold lower than that found under aerobic conditions. The anaerobic incorporation into the two fractions was approximately the same. The decrease of incorporation under anoxia was similar to the effects of anoxia on the synthesis of Tris-soluble proteins reported by Ricard and Pradet (24) .
However, the residual incorporation observed under anoxia could have resulted from nontranslational binding of the radioactive marker to proteins. The total amount of incorporated radioactivity into the proteins of Fl and F2 under anoxia represented only 1% ofthe uptake by anaerobic shoots, taking into account the yield of mitochondrial markers in fractions Fl and F2. The incubation of denatured mitochondrial proteins (6 mg mL-') and L-[35S]methionine (0.02 ACi. mL-') resulted in the incorporation of 1 cpmMg protein', which was 100 times lower than the observed incorporation under anoxia. EM of anaerobic F2 fractions showed the absence of bacterial contamination, and the observed incorporation was not correlated with the level of free G6PDH-6PGDH contamination (Table II ). Furthermore, because the level of plastid contamination in fraction F2 was lower than 5% as shown by EM, the residual incorporation under anoxia could be ascribed, at least partially, to mitochondrial proteins.
The uptake difference between aerobically grown and anoxia-treated shoots (24) implies that the amount of L-[35S] methionine available for protein biosynthesis in the cytosolic compartment is lower under conditions of anoxia. Thus, the real incorporation under anoxia is probably underestimated relative to that under aerobic conditions. This underestimation might also be compounded by the degradation of proteins, if the inactivation described in "Detection ofMitochondrial Enzyme Activities" was due to proteolysis.
Mitochondrial Protein Synthesis
In organello protein synthesis was carried out with the mitochondrial population of higher density (fraction F2). Controls using acetate as energy substrate and erythromycin as inhibitor of bacterial protein synthesis showed that the observed protein synthesis was not due to bacteria (Table IV) . Controls using chloramphenicol as inhibitor of prokaryotic protein synthesis and cycloheximide as inhibitor ofeukaryotic protein synthesis showed that the observed protein synthesis was not due to eukaryotic translation (Table IV) . Because the level of plastid contamination in fraction F2 was lower than 5% as shown by EM, the observed prokaryotic protein synthesis could be ascribed mainly to mitochondria. Erythromycin has been reported to affect chloroplastic protein synthesis, but not mitochondrial protein synthesis, in tissue cultures ofNicotiana sylvestris (28) . The absence ofinhibition by 75 Ag. mL-' erythromycin (Table IV ) also indicated that the observed protein synthesis was due to mitochondria.
Aerobic mitochondria were found to synthesize polypeptides actively with exogenous NADH or succinate as respiratory substrates in the presence ofADP (Table V) . This protein synthesis was completely inhibited by KCN (Table V) (15) and for the inhibition of respiration in rice shoot mitochondria (29) . Thus, it appeared that the translation under these conditions was strictly dependent on the functioning of the CN-sensitive respiratory chain. Aerobic mitochondria were also able to synthesize polypeptides in the presence of exogenous ATP. However, because this synthesis was completely inhibited by KCN (Table V) , it appeared to be sustained by respiratory processes rather than by the nonrespiratory utilization of exogenous ATP. Anoxic mitochondria did not show any significant protein synthesis with succinate or NADH as respiratory substrates in the presence of ADP (Table V) . However, because KCN was found to have a drastic effect on the protein synthesis by anaerobic mitochondria in the presence of exogenous ATP, it was clear that some respiratory processes were involved under these conditions. These effects of KCN on mitochondrial protein synthesis were obtained at concentrations of the same order of magnitude as those necessary for the inhibition of respiration in anaerobic mitochondria from rice shoots (29) . The comparison of protein synthesis in the presence of exogenous ADP and in the presence of exogenous ATP suggested that the respiratory processes carried out by anaerobic mitochondria did not produce sufficient ATP for protein synthesis but might facilitate the utilization of exogenous ATP.
The translation products of aerobic and anaerobic mitochondria were obtained under conditions of exogenous ATP, which were suitable for protein synthesis by both types of mitochondria. The translation products of aerobic and anaerobic mitochondria (Fig. 5) were similar to those previously found for better described monocot material such as maize mitochondria (16) , thus confirming that the observed protein synthesis could be ascribed to mitochondria.
The translation products of anaerobic mitochondria were comparable to those from aerobic mitochondria, thus indicating that most mRNA were retained after 48 h of anaerobic treatment. Some differences of expression could, however, be detected between aerobic and anaerobic mitochondria, as indicated in Figure 5 . DISCUSSION EM studies in situ of rice shoots from seedlings that had been transferred to anoxia after 6 d of germination under aerobic conditions have shown that mitochondrial structures are conserved for at least 5 d of anaerobic treatment (29) . Furthermore, the anaerobically grown rice coleoptile has respiratory activity immediately after return to air and shows a weak signal of cytochrome oxidase activity when analyzed histochemically (30) .
The detection of mitochondrial enzyme activities described in the present work (Fig. 2) confirmed that mitochondria were conserved in a potentially active form in rice shoots of germinating seedlings during periods of anaerobic treatment up to 15 d. However, anoxia was found to induce a significant Aerobic mitochondria were incubated in the presence of succinate as respiratory substrate or in the presence of an exogenous ATPgenerating system, whereas anaerobic mitochondria were incubated only in the presence of an exogenous ATP-generating system. The results are the means of two to seven independent experiments. When there are only two results, both are given. The results of a preliminary experiment with crude mitochondria using succinate as a source of energy are also given. ND, Not determined. inactivation of these mitochondrial enzyme activities. This inactivation was faster than the rate of protein synthesis, thus indicating that it did not result exclusively from the dilution of mitochondrial proteins in the elongating cell. The decrease of enzyme activities showed some specificity because AAT specific activity was found to remain constant throughout the anaerobic treatment. Furthermore, the NAD-dependent dehydrogenases showed a more drastic decrease than fumarase and SDH.
The present work showed that Percoll-purified mitochondria could be isolated from anaerobically treated rice shoots (Table II, Fig. 3 ). The monitoring of the purification of mitochondria showed that crude mitochondria preparations such as those used in previous studies (27, 30) were enriched in plastidial activities and also contained nonorganellar contaminating material. Isopycnic centrifugation showed a heterogeneity ofdensity among aerobic and anaerobic mitochondria. This heterogeneity should be investigated further to determine whether it results from artifactual, cellular, or subcellular heterogeneity.
In excised pea root, the anaerobic degradation of mitochondria results in the clarification of the matrix and the reduction of cristae (3). In the present work, EM showed that anaerobic mitochondrial vesicles from rice shoots had a more developed inner membrane, which is consistent with in situ observations (29) . In contrast, the specific activity of the inner membrane enzyme SDH was found to decrease under the effects of anoxia. Furthermore, the respiratory activity of crude mitochondria with succinate or NADH as substrate has been reported to be lower after an anaerobic treatment (30) . Thus, the apparent increase of inner membrane surface in the mitochondria isolated from anoxia-treated rice shoots might be correlated to nonrespiratory functions rather than to respiratory activity or to degradative processes.
The decrease in SDH activity under the effects of anoxia observed in the present work (Fig. 2) is consistent with the decrease in succinate respiration reported by Vartapetian et al. (30) . Furthermore, aerobic and anaerobic mitochondria showed profound differences in the utilization of energy sources for protein synthesis (Tables IV and V) . Thus, in contrast with aerobic mitochondria, anaerobic mitochondria could not sustain protein synthesis with oxidative phosphorylation. Because isolation procedures involved some degree of return to atmospheric air, the mitochondrial fraction isolated from anoxia-treated shoots could have lost some of the properties that anoxia might induce. It appeared, however, that the anaerobic mitochondria obtained in the present work had been structurally and functionally modified by the anoxic treatment.
The detection of mitochondrial enzyme activities undergoing inactivation did not imply that mitochondrial biogenesis was maintained under anoxia, because these activities could be due to the remaining organelles of a mitochondrial population undergoing continuous degradation or mere dilution in the elongating cell under the effects of anoxia. Thus, Vartapetian et al. (29, 30) reported that there was no neoformation of respiratory enzymes in rice coleoptiles under anoxia.
The neosynthesis of soluble proteins in rice shoots under (Table III) . In vivo labeling also showed that, under anoxia, L-[35S]methionine was incorporated into the TCA-precipitated material of mitochondrial preparations (Fig. 4) . Although these results must be treated with caution, for the reasons discussed in "Results," they suggest that anoxia did not abolish the neosynthesis of mitochondrial proteins. In organello protein synthesis showed that anaerobic mitochondria retained the capacity to translate organellar mRNA (Fig. 5) . The pattern of translation products was very similar to that obtained with aerobic mitochondria, which shows that most mRNA were retained under anoxia. However, major polypeptides such as those of molecular masses 70, 42, and 14 kD were not synthesized anymore by anaerobic mitochondria. In contrast, one minor additional polypeptide of 50 kD was detected in the translation products of anoxic mitochondria, and some polypeptides, such as the polypeptide of 40 kD, appeared to be more actively synthesized by anaerobic mitochondria. These results indicate that the expression of mitochondrially encoded polypeptides was modified by anoxia. The expression of mitochondrially encoded polypeptides has been found to be affected by environmental and developmental factors in a number of cases such as the effects ofaging on Jerusalem artichoke mitochondria (13) , the effects ofheat shock on corn mitochondria (22) , the effects ofnuclear background on teosinte mitochondria (9) , and the effects of chronic ethanol consumption on rat liver mitochondria (8) . The present work gives a further example of changes in the expression of mitochondrially encoded polypeptides induced by an environmental stress.
These translation products were obtained under conditions in which the contribution of respiratory processes was important (Table V) . However, because respiration itself could not sustain protein synthesis in anaerobic mitochondria, these respiratory processes, which were mainly CN sensitive, could be thought to facilitate the import of exogenous ATP, which could be carried out through the energy-linked mechanism of net uptake of adenine nucleotides described by Abou-Khalil and Hanson (1) in corn mitochondria. It appeared that anaerobic mitochondria could carry out protein synthesis with an influx of exogenous ATP. Mitochondrial protein synthesis could, therefore, take place under anoxia if the influx of ATP was sufficient. Anaerobic mitochondria showed a significant level of protein synthesis in the presence of 2 mM KCN. This could not be due to the functioning of the alternative respiration pathway, because the mitochondria isolated from anaerobically grown rice shoots are inhibited >90% by KCN (29) . This protein synthesis in the presence of 2 mM KCN could, therefore, be assigned to a nonrespiratory influx of ATP, as would occur under anoxia. In contrast, aerobic mitochondria could not sustain protein synthesis without a functional CN-sensitive respiratory chain. However, the observed protein synthesis by anaerobic mitochondria in the presence of 2 mm KCN might be overestimated relative to in vivo conditions because the exogenous concentration of ATP in the present experiments was high.
Anaerobic mitochondria were, therefore, potentially able to carry out protein synthesis with a nonrespiratory influx of ATP, in contrast with aerobic mitochondria, and to express most of the mitochondrial polypeptides found in aerobic mitochondria. Thus, the polypeptides putatively ascribed to the a-subunit and the dicyclohexylcarbodiimide-binding subunit of ATPase, to a ribosomal protein, and to subunits of cytochrome c oxidase could be expressed by anaerobic mitochondria. Anoxia, however, inhibited the expression of some major polypeptides and induced or facilitated the expression of other polypeptides such as the putative ribosomal protein.
Thus, mitochondrial protein synthesis appeared to be potentially functional under anoxia, which is consistent with the existence of biogenetically active mitochondria. However, the modification of protein expression and the differential inactivation of mitochondrial enzymes may only allow the rapid reactivation of mitochondrial functions after the anaerobic stress has ended. Thus, further work is required to identify anoxia-induced mitochondrial proteins and to determine
